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$EVWUDFW 
 
3XUSRVH 
&HUWDLQUDGLDWLRQUHVSRQVLYHVNLQGLVHDVHVPD\GHYHORSV\PSWRPVRQWKHXSSHURUWKHORZHU
KDOIRIWKHERG\7KHFRQFHSWRIDQRYHO+HPL%RG\(OHFWURQ,UUDGLDWLRQ+%,HWHFKQLTXH
GHVFULEHGLQWKLVZRUNSURYLGHVDORZFRVW/,1$&EDVHGLQWHUPHGLDWHWUHDWPHQWRSWLRQLQ
EHWZHHQH[WUHPHO\ORFDOL]HGDQG7RWDO6NLQLUUDGLDWLRQWHFKQLTXHV 
 
0DWHULDOVDQG0HWKRGV 
7KH+%,H WHFKQLTXHGHYHORSHGLQRXUGHSDUWPHQW LQFRUSRUDWHVDFXVWRPFUDIWHGWUHDWPHQW
FKDPEHUHTXLSSHGZLWKDGMXVWDEOH3EVKLHOGLQJDQGDVLQJOHHOHFWURQEHDPLQH[WHQGHG6RXUFH
6NLQ 'LVWDQFH 66' VHWXS 7KH SDWLHQW LV FRQFHSWXDOO\ SRVLWLRQHG LQ FXVWRP 
6WDQIRUG

WHFKQLTXHSRVLWLRQV7KHJHRPHWULFDOVHWXSSURYLGHVERWKRSWLPDOGRVHKRPRJHQHLW\DQGGRVH
GHSRVLWLRQXSWRDGHSWKRIFP7RFRQILUPWKLVWKHIROORZLQJFKDUDFWHULVWLFVZHUHPHDVXUHG
DQGHYDOXDWHGDSHUFHQWDJHGHSWKGRVH3''RQWKHWUHDWPHQWSODQHSURGXFHGE\DVLQJOH
HOHFWURQEHDPDWSHUSHQGLFXODULQFLGHQFHIRUVL[ILHOGVDW
6WDQIRUG
DQJOHVE'SURILOHRIWKH
HQWUDQFHGRVHRQWKHWUHDWPHQWSODQHSURGXFHGE\DVLQJOHILHOGDQGFWKHWRWDOVXUIDFHGRVHRQ
DQDQWKURSRPRUSKLFSKDQWRPGHOLYHUHGE\DOOILHOGV 
 
5HVXOWV 
7KHUHVXOWLQJKRPRJHQHLW\RIWKHVXUIDFHGRVHLQWKHWUHDWPHQWSODQHIRUDQDYHUDJHSDWLHQWZDV
ZKLOHVXUIDFHGRVHKRPRJHQHLW\RQWKHDQWKURSRPRUSKLFSKDQWRPZDVIRUERWKWKH
XSSHU DQG WKH ORZHU +%,H YDULDQWV7KH WRWDO3''H[KLELWV DQ DOPRVW OLQHDUGHFUHDVH WR D
SUDFWLFDOUDQJHRIJFP 
 
&RQFOXVLRQ 
,QFRQFOXVLRQ+%,HZDVSURYHQHIIHFWLYHLQGHOLYHULQJWKHSUHVFULEHGGRVHWRWKHWDUJHWDUHD
ZKLOHSURWHFWLQJWKHKHDOWK\VNLQ 
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,QWURGXFWLRQ 
 
&HUWDLQUDGLDWLRQUHVSRQVLYHVNLQGLVHDVHVVXFKDV.DSRVL¶VVDUFRPD.6P\FRVLVIXQJRLGHV
0)DQG6p]DU\V\QGURPH66PD\GHYHORSV\PSWRPVRQWKHXSSHURUWKHORZHUKDOIRIWKH
ERG\.6LQLWVHSLGHPLFIRUPLVIUHTXHQWO\SUHVHQWLQSDWLHQWVZLWKDSULRULQIHFWLRQRI+,9
UHWURYLUXV>@0RVWFRPPRQLUUDGLDWLRQWHFKQLTXHVIRU.6HLWKHULQYROYHVFKHPHVRI
*\LQIUDFWLRQVRU*\LQIUDFWLRQV>@SURGXFLQJVLPLODUUHVSRQVHVDQGWR[LFLWLHV
)RUVPDOODUHDVRIRFFXUUHQFHWUHDWPHQWRIWKHVXSHUILFLDOWDUJHWVFDQEHSHUIRUPHGZLWK[UD\V
XVLQJ90$7WHFKQLTXHV>@RUYLDEUDFK\WKHUDS\XVLQJVXUIDFHDSSOLFDWRUV>@ZKLOHIRUODUJH
DUHDVHOHFWURQEHDPVDUHSUHIHUDEOHGXHWRWKHVKRUWUDQJHRIHOHFWURQVZKLFKSURGXFHVOHVV
WRWDOERG\GRVH,QSDUWLFXODUHOHFWURQWKHUDSLHVLQYROYHHLWKHUDQXPEHURIORFDOL]HGILHOGVRU
H[WHQVLYHLUUDGLDWLRQE\WKHXVHRIWKH7RWDO6NLQ(OHFWURQ%HDPWHFKQLTXH76(%&XWDQHRXV
7 FHOO QRQ+RGJNLQ O\PSKRPD LV D UDUH O\PSKRSUROLIHUDWLYH GLVHDVH ZLWK FRQWLQXRXVO\
DJJUDYDWLQJUHRFFXUUHQFHRIZKLFK0)DQG66DUHGHULYDWLYHGLVHDVHV/RFDOL]HGLUUDGLDWLRQ
FDQFXUH PLQLPDO VWDJH0)ZKLOH76(%PD\ FXUH HDUO\VWDJHGLVHDVH RURIIHU LPSRUWDQW
V\PSWRPUHOLHILWFKHU\WKURGHUPDLQDPRUHDGYDQFHGVHWWLQJ>@$OWKRXJKUDGLDWLRQWKHUDS\
VHHPV WR SURGXFH JRRG FOLQLFDO UHVSRQVH LW LV QRW ZLGHO\ XVHG PDLQO\ GXH WR WHFKQLFDO
GLIILFXOWLHVLQWKHSURGXFWLRQRIODUJHILHOGV 
76(%LVDFXUDWLYHO\RUSDOOLDWLYHO\DGPLQLVWHUHGWKHUDS\IRUVNLQGLVHDVHVVXFKDV.60)66
DQG LQIODPPDWRU\ EUHDVW FDQFHU >@ 'HSHQGLQJ RQ WKH YDULDQW RI WKH 76(% WUHDWPHQW
WHFKQLTXHWKHSDWLHQWLVHLWKHUSRVLWLRQHGDWVHYHUDOSUHGHILQHGVWDQGLQJSRVLWLRQV6WDQIRUG
7HFKQLTXH >@ SUHVHQWHG LQ )LJXUH  ZKHUH WKH SDWLHQW WDNHV SRVLWLRQV DW DQJOHV RI 
 DQG  GHJUHHV ZLWK UHVSHFW WR WKH WUHDWPHQW SODQH RU URWDWLQJ GXULQJ
LUUDGLDWLRQRQDEDVHDWDFRQVWDQWDQJXODUVSHHGRUO\LQJRQDPRWRUGULYHQFRXFKZKLFKLV
WUDQVODWHGWKURXJKWKHODUJHHOHFWURQILHOG>@7KHREMHFWLYHRI76(%LVWRGHOLYHUDXQLIRUP
GRVHWRWKHVNLQXVLQJHOHFWURQEHDPVZLWKDQDFFHSWDEOHYDULDWLRQRIGRVHGLVWULEXWLRQ
YHUWLFDOO\DQGKRUL]RQWDOO\ZLWKLQ WKHFHQWUDOFPîFPILHOGDUHD DFFRUGLQJ WR
$$305HSRUW1R>@1RZDGD\V76(%WHFKQLTXHVKDYHEHFRPHLQFUHDVLQJO\RSWLPL]HG
SURYLGLQJDFFHSWDEOHGRVHGLVWULEXWLRQVZKLOHWKHGRVHDWFROGVSRWVLVHQKDQFHGE\ERRVWILHOGV
>@76(% VHVVLRQV GHOLYHU WKH SUHVFULEHG GRVH RI  *\ WR WKH SDWLHQW¶V VNLQ ZLWKRXW
GDPDJLQJRUJDQVDWULVN>@(OHFWURQVZLWKHQHUJLHVRI0H9KDYHEHHQSURYHQWRSURYLGH
WKHDSSURSULDWH WKHUDSHXWLF UDQJHZKLOH WKHPDLQ WR[LFLWLHVDUHGU\HSLGHUPLWLVZLWK OLPLWHG
IUHTXHQF\ RI VNLQ XOFHUDWLRQV >@ 7KH 76(% WHFKQLTXH LPSOHPHQWDWLRQ DW WKH 5DGLDWLRQ
7KHUDS\ 8QLW RI 8QLYHUVLW\ *HQHUDO +RVSLWDO ³$WWLNRQ´ KDV EHHQ GHVFULEHG H[WHQVLYHO\ E\
3ODWRQL.HW DO >@6L[GXDO ILHOGVRI0H9HOHFWURQEHDPVDWQRPLQDO66' PDUH
FRPELQHGZLWKWKHµ6WDQIRUG¶SDWLHQW¶VVWDQGLQJSRVLWLRQV)LJXUHWRGHOLYHUWKHSUHVFULEHG
GRVHWRWKHVNLQ$VVKRZQLQ)LJXUHWKHSDWLHQWV¶LPPRELOL]DWLRQV\VWHPDQGDSOH[LJODVV
VODEIRUWKHDSSURSULDWHGHJUDGLQJRIWKHEHDP¶VPHDQHQHUJ\DQGZLGHQLQJRIWKHILHOGVZHUH
ILWWHGLQDFXVWRPEXLOWFKDPEHU 
&XUUHQWKDOIERG\LUUDGLDWLRQWHFKQLTXHVDUHXVHGPDLQO\IRUSDOOLDWLYHSXUSRVHVLQPHWDVWDWLF
GLVHDVHVSURVWDWHOXQJDQGEUHDVWFDQFHUVDQGLQYROYHSKRWRQVDVVRXUFHRIUDGLDWLRQ>@
,QPRVWRIWKHFDVHV[UD\VSURGXFHGE\OLQDFVȖUD\VSURGXFHGE\&REDOW8QLWV>@DQGHYHQ
89%UD\VLQSKRWRWKHUDS\VWXGLHV>@ZHUHXWLOL]HG\HWRQO\IRUKLJKO\SDOOLDWLYHWUHDWPHQWV
LQSDWLHQWVZLWKDYHU\VKRUWOLIHH[SHFWDQF\ERQ\PHWDVWDWLFFDQFHU>@DFXWHOHXNHPLD
>@PHWDVWDWLFFDUFLQRPDRIWKHSURVWDWH>@7KHGHVFULEHGSKRWRQ+%,WHFKQLTXHVDUHQRW
VXLWDEOHIRUFDVHVZLWKEHWWHUSURJQRVLVGXHWRWKHODUJHYROXPHVRIWKHSDWLHQWV¶ERG\EHLQJ
LUUDGLDWHGE\ORZHUGRVH 
6LQFH.60)DQG66FDQSURGXFHODUJHDUHDVRIV\PSWRPVZKLFKFDQEHOLPLWHGHLWKHUWRWKH
XSSHURUORZHUKDOIRIWKHERG\WKHPRWLYDWLRQIRUDQHZWUHDWPHQWWHFKQLTXHZDVFUHDWHGWR
WUHDWVXFKFDVHVZKLOHPLQLPL]LQJWKHGRVHGHSRVLWLRQWRWKHKHDOWK\SDUWRIWKHVNLQ&XUUHQW
 
 
+%, WHFKQLTXHV GR QRW DSSO\ HOHFWURQ EHDPV ZKLFK FDQ EH YHU\ HIILFLHQW LQ FDVHV RI VXFK
UDGLDWLRQUHVSRQVLYHVNLQGLVRUGHUV$GGLWLRQDOO\DKDOIERG\HOHFWURQLUUDGLDWLRQWHFKQLTXHFDQ
UHGXFHWUHDWPHQWWLPHLQFRPSDULVRQWR76(%WHFKQLTXHVZKLFKUHTXLUHORQJHULPSOHPHQWDWLRQ
WLPH,QWKLVZRUNWKHGHYHORSPHQWRIDQRYHOHOHFWURQEHDP+%,WUHDWPHQWLVSUHVHQWHGJLYHQ
WKHFXUUHQWEDFNJURXQGRIWHFKQLTXHVLPSOLHGERWKLQ+%,DQG76(%VHVVLRQV7UHDWPHQWVHWXS
HOHFWURQEHDPPHDVXUHPHQWVDQG7/'GRVLPHWU\IRUWKHLPSOHPHQWDWLRQRI+%,HLQ³$WWLNRQ´
+RVSLWDO$WKHQV*UHHFHZHUHSHUIRUPHGDQGGHVFULEHGLQDFFRUGDQFHWR756GRVLPHWULF
SURWRFRORI,$($>@DQGWR1R$$305HSRUW>@$OOPHWKRGVRILPSOHPHQWDWLRQDQG
ILQDOSURSRVDOVDUHEDVHGXSRQWKHFXUUHQWO\DYDLODEOHHTXLSPHQWLQRXUGHSDUWPHQW 
 
 
 
0DWHULDOVDQG0HWKRGV 
 
0DWHULDOV 
$9DULDQ&OLQHDUDFFHOHUDWRU9DULDQ0HGLFDO6\VWHPV,QF3DOR$OWR&$86$ZDVXVHG
WRSURGXFH0H9HOHFWURQEHDPVZLWKDILHOGVL]HRI[FPGHOLYHUHGDWWKHKLJKGRVH
UDWHRI08PLQDWWKHLVRFHQWHU7KLVPRGHZDVVHOHFWHGWRPLQLPL]HWKHWUHDWPHQWWLPH
DQGRSWLPL]HFRYHUDJHRIWDUJHWDUHDLQDQH[WHQGHG66'VHWXS 
7KHFXVWRPPDGHFKDPEHURIRXUGHSDUWPHQWXVHGIRU76(%WUHDWPHQW)LJXUHZDVDOVR
XWLOL]HGIRU+%,HSURYLGLQJDSSURSULDWHFRQGLWLRQVIRUVNLQLUUDGLDWLRQHQHUJ\GHJUDGDWLRQRI
QRPLQDO  0H9 HOHFWURQ EHDPV DQG ILHOG VL]H ZLGHQLQJ WKURXJK VFDWWHULQJ DQG SDWLHQW
SRVLWLRQLQJ 
(OHFWURQ EHDP PHDVXUHPHQWV ZHUH SHUIRUPHG XVLQJ 5RRV DQG 0DUNXV SODQH SDUDOOHO
LRQL]DWLRQ FKDPEHUV DQG D 37: 8QLGRV 8QLYHUVDO 'RVLPHWHU 37: )UHLEXUJ *PE+
*HUPDQ\0HDVXUHPHQWV LQ WKH WUHDWPHQWSODQH ZHUHSHUIRUPHGZLWK D 37:300$VODE
SKDQWRPZKLOHIRUDEVROXWHGRVHPHDVXUHPHQWVTXDOLW\FKHFNRIWKHEHDPLQZDWHUD37:
03WDQNSKDQWRPZDVXVHG 
)RUWKHGRVHGLVWULEXWLRQPHDVXUHPHQWVRQSDWLHQW¶VVNLQ7/'GRVLPHWU\ZDVSHUIRUPHGZLWK
7KHUPR 6FLHQWLILF 7/'V + /L)0J&X3 FKLSV RQ DQ DQWKURSRPRUSKLF 5DQGR
$OGHUVRQSKDQWRP&DOLEUDWLRQDQQHDOLQJDQG7/'VLJQDOUHDGLQJSURFHGXUHVZHUHSHUIRUPHG
XVLQJD/700DQXDO7/'5HDGHUDQGD)LPHO(772YHQ)LPHO9HOL]\)UDQFH 
7RUHGXFHWKHQRLVHLQWKHLRQL]DWLRQFKDPEHUV¶VLJQDODFXVWRPPDGHFDEOHVKLHOGLQJZDVXVHG
LQFRQMXQFWLRQZLWKDOO WKH LRQL]DWLRQFKDPEHUV)RU WKH/RZHU+%,H FDVHDFXVWRPPDGH
XQLYHUVDO VKLHOGLQJ PP 3E WKLFN )LJXUH  ZDV DWWDFKHG WR WKH WUHDWPHQW FKDPEHU DQG D
VHFRQGRQHZDVGHVLJQHGIRUWKH8SSHU+%,HFDVH$Q\DGGLWLRQDOVKLHOGLQJIRUVHQVLWLYHDUHDV
DQGRU RUJDQV DW ULVN H\HV QDLOV JHQLWDOLD HWF VKRXOG EH GHVLJQHG IRU HDFK SDWLHQW
LQGLYLGXDOO\ 
)LQDOO\DFXVWRPPDGH/RZHU+%,HSRVLWLRQLQJWRRO)LJXUHZDVXVHG ,WVGHYHORSPHQW
SULPDULO\VHUYHVDVDQHIIHFWLYHZD\WRUHGXFHERWKKRWVSRWVDQG%UHPVVWUDKOXQJFRQWULEXWLRQ
WRWKHSDWLHQWE\DLPLQJWKHFHQWUDOD[HVRIWKHEHDPEHWZHHQWKHSDWLHQW¶VOHJV0RUHLQGHWDLO
WKHSRVLWLRQLQJWRROD(QVXUHVSDWLHQWSRVLWLRQLQJUHSURGXFLELOLW\IRUHDFKWUHDWPHQWVHVVLRQ
E(QKDQFHV WKH DYRLGDQFHRI H[WUHPHO\KLJKSHDNV LQ VXUIDFHRISDWLHQW¶V VNLQGRVH GRVH
KRWVSRWVVHHDOVRLQPHWKRGVDQGUHVXOWVVHFWLRQVF+HOSVLQWKHLGHQWLILFDWLRQRIWKHWZR
FDOLEUDWLRQSRLQWVRQSDWLHQW¶VOHJVH[SODLQHGLQPHWKRGVDQGG&RQWULEXWHVWRWKHDYRLGDQFH
RI %UHPVVWUDKOXQJ [UD\V ZKLFK LQFUHDVH LQ LQWHQVLW\ QHDU WKH &HQWUDO$[LV &$; RI WKH
HOHFWURQEHDPVHHDOVRXQGHU%UHPVVWUDKOXQJ&RQWDPLQDWLRQLQWKH'LVFXVVLRQVHFWLRQ 
 
 
 
 
 
0HWKRGV 
7KHLPSOHPHQWHGPHWKRGRI+%,HLQFRUSRUDWHGDVLQJOHHOHFWURQEHDPDQGWKHFXVWRP76(%
FKDPEHURIRXUGHSDUWPHQWZLWK D VWDQGDUG LVRFHQWHU WR3OH[LJODVGLVWDQFH RI FP7KH
GLVWDQFHIURPWKH3OH[LJODVZLQGRZHGJHFPWKLFN>@WRWKHWUHDWPHQWSODQHZDVFP
IRUERWK8SSHUDQG7KRUDFLF+%,H7KRUDFLF+%,HLVDYDULDQWRI8SSHU+%,HZLWKDSDWLHQW¶V
KHDGVKLHOGHGZKLOHIRUWKH/RZHU+%,HLWZDVFP7KHVHWXSZDVFKRVHQJLYHQWKDW 
 
 $OO RWKHU SRVVLEOH VHWXSV ZHUH UHMHFWHG HLWKHU GXH WR ILHOG SURMHFWLRQV QRW FRYHULQJ
DGHTXDWHO\WKHWDUJHWDUHDRUGXHWRWKHODFNRIWKHDSSURSULDWHHTXLSPHQWHJ(OHFWURQ
$UFWKHUDS\PRGXOH 
 7KHSUDFWLFDOUDQJHRIWKHHOHFWURQEHDPRQWKHWUHDWPHQWSODQHZDVPHDVXUHGDWFP
DQGWKXVFRQVLGHUHGVXLWDEOHIRUVNLQWUHDWPHQWDSSOLFDWLRQV 
 7KHSURMHFWHGILHOGVL]HIURPDVLQJOHEHDPZDVODUJHHQRXJKWRFRYHUKDOIRIWKHERG\
HLWKHUWKHXSSHURUWKHORZHUKDOIZKLOHWKHUHPDLQLQJKDOIRIWKHERG\ZDVSURWHFWHG
IURPEHLQJGLUHFWO\LUUDGLDWHGIURPWKH/,1$&VRXUFH)RUPD[LPXPSURWHFWLRQIURP
VFDWWHUFRPSRQHQWVHOHFWURQVVFDWWHUHGLQDLUDQG3OH[LJODVDQGIURPKLJKVNLQGRVH
JUDGLHQWV DW WKH ERUGHUV RI WKH WDUJHW WKH XQLYHUVDO VKLHOGLQJ )LJXUH  KDG EHHQ
GHYHORSHG 
 +RPRJHQHLW\RIWKHVXUIDFHGRVHDWWKHWUHDWPHQWSODQHZLWKYDULDWLRQRIDQGDW
WKHORQJLWXGLQDODQGKRUL]RQWDOD[HVZDVWDNHQIURPDSUHYLRXVVWXG\FRQGXFWHGLQRXU
GHSDUWPHQW3ODWRQLHWDO>@ 
 7KHGLIIHUHQFHRIFP LQ WKH66' IRU WKH8SSHUDQG/RZHU+%,HZDVFKRVHQE\
FRQVLGHULQJWKHGLPHQVLRQVRIWKHKLJKGRVHDUHDQHDU&$;VHH5HVXOWVVHFWLRQDQG
)LJXUH)RUWKH8SSHU+%,HWKH66'ZDVVHOHFWHGWREHVPDOOHUWKDQLQ/RZHU+%,H
LQRUGHUWRPLQLPL]HWKHSUHVHQFHRIGRVHKRWVSRWVRQSDWLHQW 
7KHSDWLHQWVWDQGLQJWHFKQLTXHZDVFKRVHQWREHDYDULDWLRQRIWKH³6WDQIRUG´WHFKQLTXHGXULQJ
ZKLFKWKHSDWLHQWDOLJQVRQO\WKHXSSHURUWKHORZHUKDOIRIKLVERG\GHSHQGLQJRQWKHPRGHRI
WKH+%,HWUHDWPHQW7KHVWHSVIRUWKHGHYHORSPHQWDQGGRVLPHWU\LQ+%,HZHUHDVIROORZV 
1. 7KH HQHUJ\ DW WKH WUHDWPHQW SODQH RI D VLQJOH EHDP LQFLGHQW ZLWK LWV FHQWUDO D[LV
RUWKRJRQDOWRWKHWUHDWPHQWSODQH*DQWU\DQJOHDWGHJUHHVDW66'RIFPZDV
FDOFXODWHGIURPWKHFKDUDFWHULVWLFVRIWKHSHUFHQWDJHGHSWKGRVH3''FXUYHVXFKDV
PHDQ HOHFWURQ EHDP HQHUJ\ PRVW SUREDEOH HQHUJ\ DQG HOHFWURQ UDQJHV 6LQFH
SUDFWLFDOO\WKHUHLVQRLPSDFWRQWKH3''LIWKH66'ZDVFP>@WKHHQHUJ\DW
WUHDWPHQWSODQHDIWHUWKH3OH[LJODVVDWWHQXDWLRQLVWKHVDPHERWKIRU8SSHUDQG/RZHU
+%,H,QDGGLWLRQHOHFWURQEHDPDEVROXWHGRVLPHWU\LQVWDQGDUGUHIHUHQFHFRQGLWLRQV
66'  FP *DQWU\  GHJUHHV IRU  0H9 ZDV SHUIRUPHG XVLQJ WKH ZDWHU WDQN
SKDQWRP 
2. 7KHJDQWU\DQJOHSURYLGLQJWKHEHVWJHRPHWULFDOFRYHUDJHDQGSURWHFWLRQRISDWLHQWZLWK
WKHRSWLPDOKRPRJHQHLW\RIVXUIDFHGRVHLQWUHDWPHQWSODQHZDVLGHQWLILHGLQWKLVVWHS
)RU ILYH GLIIHUHQW EHDP DQJOHV IRU 8SSHU DQG /RZHU +%,H )LJXUH  WKH HOHFWULF
FKDUJHXVLQJDQLRQL]DWLRQFKDPEHUZDVPHDVXUHGDWHYHQO\GLVWULEXWHGSRLQWVDWWKH
WUHDWPHQW SODQH )RU HDFK SRLQW WKH PHDVXUHPHQW ZDV UHSHDWHG WKUHH WLPHV XVLQJ D
300$ VODE SKDQWRP DQG 0DUNXV LRQL]DWLRQ FKDPEHU 7KH DQJOHV SURGXFLQJ WKH
ORZHVW&RHIILFLHQWRI9DULDWLRQ&9 VWGDYHUDJHRIWKHUHDGLQJVZHUHVHOHFWHGDVWKH
PRVWVXLWDEOHIRUFOLQLFDOXVH 
3. )RUWKH3''PHDVXUHPHQWVD300$VODESKDQWRPZDVXVHGWRJHWKHUZLWKD0DUNXV
LRQL]DWLRQFKDPEHUZKLOHWKH*DQWU\ZDVVHWDWGHJUHHV)RUHDFKGHSWKLQ300$
WKHFKDUJHZDVPHDVXUHGIRUGLIIHUHQWDQJOHVRILQFLGHQFHDQG
GHJUHHVWRVLPXODWHWKHSRVLWLRQVLQ6WDQIRUG6WDQGLQJ7HFKQLTXHZLWKPRQLWRU
XQLWV08SHUDQJOHILHOG7KHGRVHVIRUHDFKGHSWKZHUHVXPPHGWRSURGXFHWKHILQDO
 
 
3'' FXUYH 7KH UHVXOWV RI WKH LQGLYLGXDO 3'' FXUYHV ZHUH WKHQ FRPSDUHG WR WKH
PHDVXUHPHQWV DFTXLUHG IRU WKH VHOHFWHG IURP VWHS  JDQWU\ DQJOHV IRU 8SSHU DQG
/RZHU+%,HDWDGHSWKRIPPLQ300$IRUWKHVDPHLQFLGHQFHDQJOHV 
4. 6LQFHIRUWKHFDVHRIWKH8SSHU+%,HWKH&$;ZDVRQWKHSDWLHQW¶VFKHVWRUDEGRPHQ
GHSHQGLQJ RQ WKH SDWLHQW¶V GLPHQVLRQV WKH FDOLEUDWLRQ SRLQW ZDV GHILQHG DW WKH
LQWHUVHFWLRQRIWKH&$;ZLWKWKHSDWLHQW¶VVNLQ)RU/RZHU+%,HDGLIIHUHQWDSSURDFK
IRU WKH GRVH FDOLEUDWLRQ KDG WR EH DGRSWHG LQ RUGHU WR RYHUFRPH WKH ODFN RI WLVVXH
EHWZHHQ WKH SDWLHQW¶V OHJV ZKHUH WKH &$; RI WKH EHDP ZDV SRLQWLQJ 7KH VLQJOH
FDOLEUDWLRQSRLQWZDVWUDQVIRUPHGLQWRDGXDOFDOLEUDWLRQSRLQWORFDWHGRQSDWLHQW¶VOHJV
DQGGHVLJQDWHGE\WKHDSSURSULDWHWDUJHWLQJWRRO 
5. 0RQLWRU8QLWV08ZHUHFDOFXODWHGIURPWKHPHDVXUHPHQWVRIWKHVXUIDFHGRVHSHU
08SHUILHOGDWWKHFDOLEUDWLRQSRLQWRIHDFK+%,HYDULDQW)RUWKH/RZHU+%,HWKH
VXUIDFHGRVHZDVJLYHQDWWKHLQWHUVHFWLRQRI&$;ZLWKWKHWUHDWPHQWSODQHDQGLWZDV
WKHQ FRUUHFWHG IRU WKH QHZ VHOHFWHG GXDO FDOLEUDWLRQ SRLQW 7KDW ZDV DFKLHYHG E\
FRUUHFWLQJWKHVXUIDFHGRVHRI&$;WRWKHPHDQVXUIDFHGRVHRIWKHSRLQWVE\ZKLFK
WKHGXDOFDOLEUDWLRQSRLQWZDVGHILQHG 
6. 9HULILFDWLRQRIWKHWHFKQLTXHZDVSHUIRUPHGE\7/'GRVLPHWU\RQDQDQWKURSRPRUSKLF
SKDQWRP 7ZR 7/' FDOLEUDWLRQ SURFHGXUHV ZHUH SHUIRUPHG RQH XQGHU VWDQGDUG
UHIHUHQFHFRQGLWLRQV66' FPDQGJDQWU\DQJOHDWGHJUHHVDQGRQHXQGHU+%,H
WUHDWPHQWFRQGLWLRQV66' FPDQGJDQWU\ GHJUHHVZLWKWKH7/'PRXQWLQJ
SODWHRQVXUIDFHRIWKH300$SKDQWRPDQGFRYHUHGZLWKSODLQSDSHUDQGWDSH)LQDOO\
7/'GRVLPHWU\IRUWKHDFWXDOGRVHGLVWULEXWLRQZDVSHUIRUPHGRQDQDQWKURSRPRUSKLF
SKDQWRPIRU8SSHUDQG/RZHU+%,HWUHDWPHQWV 
 
 
5HVXOWV 
 
)LJXUHVKRZVWKH3''FXUYHDWWKHH[WHQGHG66'RIFPZLWKWKHJDQWU\DQJOHVHWDW
GHJUHHVDVGHVFULEHGDWVWHSLQWKH0HWKRGVVHFWLRQ*LYHQWKDWWKHFXUYH¶V]PD[ JFP
DQG5S JFPWKHPRVWSUREDEOHHQHUJ\RI(SR 0H9ZDVGHGXFHG 
)RUWKH8SSHUDQGWKH7KRUDFLF+%,HWUHDWPHQWWKHKRPRJHQHLW\UHVXOWVIRUWKHYHUWLFDODQG
KRUL]RQWDO D[HV RI WKH WUHDWPHQW SODQH DUH SUHVHQWHG LQ 7DEOH  'XH WR WKH LQFUHDVHG
KRPRJHQHLW\H[KLELWHGWKHJDQWU\LUUDGLDWLRQDQJOHRIZDVVHOHFWHGIRUWKH8SSHU+%,H
WUHDWPHQW7KHWRWDO&9RIWKHZKROHWUHDWPHQWSODQHDUHDZDVUHIHUULQJWRSDWLHQWXSSHU
ERG\GLPHQVLRQVRI[FP)RUWKHDYHUDJHDGXOWZLWKKHLJKWFPDQGZHLJKWNJ
GXHWRWKHFHQWUDOFRYHUDJHRIWKHWUHDWPHQWSODQHWKHUHVSHFWLYH&9RQWKHSDWLHQWGURSVWR
)RUWKH/RZHU+%,HWUHDWPHQWWKHUHVSHFWLYHUHVXOWVDUHSUHVHQWHGLQ7DEOH7KHDQJOH
VHOHFWHGZDVWKDWRIDJUHHVZKLFK\LHOGHGDWRWDO&9LQWKHWUHDWPHQWSODQHRI
$VDUHSUHVHQWDWLRQRIGRVHKRPRJHQHLW\LQWKHWUHDWPHQWSODQHWZRGLPHQVLRQDOSURILOHRI
VXUIDFHGRVH)LJXUHVKRZVWKHGLVWULEXWLRQRIFKDUJHPHDVXUHGE\WKH0DUNXVFKDPEHUDW
WKHIURQWYHUWLFDOVXUIDFHRID300$SKDQWRPSODFHGDW66' FPDWJDQWU\DQJOH
7KH EHDP &$; LQWHUVHFWV WKH SKDQWRP DW WKH SRLQW [  \  ZKLOH [  \  LV WKH
LQWHUVHFWLRQ DW JDQWU\ DQJOH 7KH RQSDWLHQW &9 GURSV WR  IRU WKH DYHUDJH DGXOW
GLPHQVLRQVE\WKHLPSOHPHQWDWLRQRIWKHWDUJHWLQJWRRO)LJXUHZKLFKSUDFWLFDOO\GRHVQRW
DOORZDQ\SDUWRIWKHSDWLHQWWREHSUHVHQWLQWKHFHQWUDOKLJKGRVHDUHD 
,Q)LJXUHDWKHREVHUYHG3''FXUYHLQZDWHULVSUHVHQWHGIRULQFLGHQFHDQJOHRIGHJUHHV
DWDJDQWU\DQJOHRIGHJUHHV7KHWRWDO3''FXUYHLQZDWHUUHVXOWLQJIURPWKHVXPPDWLRQ
RI3''VDWSKDQWRPURWDWLRQVVLPXODWLQJWKH6WDQIRUGSRVLWLRQVILHOGSURGXFHGDWJDQWU\
DQJOHRIGHJUHHVLVSUHVHQWHGLQ)LJXUHE7KHWRWDOSHUFHQWDJHGHSWKGRVHFXUYHODFNV
DQ\FKDUDFWHULVWLFVKDSHVLQFHLWZDVSURGXFHGE\WKHSRVLWLRQVRIWKHVODE300$SKDQWRP
 
 
7KHEHDPFKDUDFWHULVWLFVIRUWKHWRWDOWUHDWPHQWLQFRPSDULVRQZLWKWKHVLQJOHILHOGEHDPD[LV
YHUWLFDOWRWKHVXUIDFHRIWKHSKDQWRPDUHSUHVHQWHGLQ7DEOH 
$GGLWLRQDOO\WKHGRVHDW]UHI FPLQZDWHUSURGXFHGE\DOOILHOGVLUUDGLDWLRQZLWK
08SHUILHOGZDVFDOFXODWHG%\XVLQJWKHWRWDO3''LQZDWHU)LJXUHELWZDVHVWLPDWHG
WKDW WKHSHUFHQWDJHGHSWKGRVHDW]UHIZDVFORVH WRZKLOHRQVXUIDFHZDVZKLFK
PHDQVWKDWDIDFWRURILVQHHGHGWRGHULYHWKHHQWU\GRVHIURPWKHGRVHDW]UHI)LQDOO\E\
GLYLGLQJWKHHQWU\GRVHZLWKWKHQXPEHURI08SHUILHOGDVPHQWLRQHG08SHUILHOGWKH
HQWU\GRVHSHU08SHUILHOGD?ൌ ?ሺ ?ሻሻZDVH[WUDFWHG  D?ൌ ?ሺ ?ሻ ൌ  ?Ǥ ? ? ? ?D?D?D?D?D?D?D?D?D? (TXDWLRQ 
7KLVPHDQVWKDWLIRQHLUUDGLDWHVZLWK08SHUHDFKILHOGWKHHQWU\GRVHRQWKHSDWLHQW¶VVNLQ
ZLOOEHF*\7KHGRVHSHU08ERWKDWWKHVXUIDFHDQGDWDWUHDWPHQWGHSWKRI] FP
YDULHV VOLJKWO\ ZLWK JDQWU\ DQJOH EXW RQO\ WR DQ H[WHQW ZKLFK FDQ EH QHJOHFWHG LQ FOLQLFDO
SUDFWLFH)RUDJDQWU\DQJOHRIWKHVXUIDFHGRVHDWWKH&$;LQWHUVHFWLRQSRLQW[ \ 
ZDVJUHDWHUDQGWKHGRVHDW] FPGHSWKZDVOHVVWKDQWKHUHVSHFWLYHGRVHV
IRUJDQWU\DQJOHDW[ \ 6LQFHGRVHSUHVFULSWLRQLQ+%,HLVXVXDOO\UHIHUUHGWRDWWKH
VNLQ VXUIDFH HJ LQ RUGHU WR DOORZ FRQILUPDWLRQ ZLWK LQYLYR GRVLPHWU\ WKH GLIIHUHQFH RI
VKRXOGEHFRUUHFWHG2QWKHRWKHUKDQGWKHGRVHDW]UHI5RU5DVPHDVXUHGIRU
JDQWU\DQJOHZDVHVWLPDWHGWRGHFUHDVHFORVHWRZKHQVKLIWLQJWKHJDQWU\DQJOHE\
FRPSHQVDWLQJPXFKRIWKHGRVHGLIIHUHQFHDWWKHVXUIDFH7KHUHIRUHDGRVHSUHVFULSWLRQDWWKHVH
GHSWKVFRXOGXVHWKHVDPHGRVH08UHODWLRQIRUERWKJDQWU\DQJOHVDQGGHJUHHV 
7KH VLWXDWLRQ LV VLPLODU IRU D JDQWU\ DQJOH RI  LQ /RZHU +%,H )RU WKLV FDVH WKH
FKDUJH08ZDVFRPSDUHGEHWZHHQJDQWU\DQJOHVRIDQG'XHWRGLIIHUHQFHRI
RQO\GHJUHHVLQWKHGHYLDWLRQIURPWKHUHIHUHQFHDQJOHRIGLIIHUHQFHVLQWKH3''V8SSHU
DQGORZHU+%,DUHH[SHFWHGWREHQHJOLJLEOH6XUIDFHGRVHSHU08DWZDVJUHDWHU
WKDQDWVRWKDWGRVHSUHVFULSWLRQFDQEHSHUIRUPHGZLWKWKHVDPHSURFHGXUHIRUERWKXSSHU
DQGORZHU+%, 
 
 
/RZHU+%,H08FDOFXODWLRQ 
,QLWLDO08FDOFXODWLRQZDVSHUIRUPHG IRUJDQWU\ DQJOHGHJUHHV IRU WKH WRWDO WKHUDS\ 
ILHOGV*LYHQWKDWWKHGRVHSUHVFULSWLRQUHIHUVWRWKHVXUIDFHRIWKHVNLQ08VSHUILHOGZHUH
JLYHQE\WKHIROORZLQJUHODWLRQ 
 D?D? ? ? ?ൌ D?D?D?D?ൌ ?ሺ ?D?ሻሺ D?D?D?D?D?D?D?ሻ (TXDWLRQ 
:KHUH'IUHSUHVHQWVWKHSUHVFULEHGGRVHSHUIUDFWLRQZKLOHD?D?ൌ ?ሺ ?D?ሻLVJLYHQE\HTXDWLRQ)RUJDQWU\DQJOHRIGHJUHHVVXUIDFHGRVHLQFUHDVHVE\&$;DW[ \ VR
WKH PRQLWRU XQLWV VKRXOG EH GHFUHDVHG E\ D FRUUHFWLRQ IDFWRU RI  D?D?D?D?D?D?D?D?D?D?D?ሻ 'XH WRFDOLEUDWLRQSRLQWVSRVLWLRQV\ [ DQG[ WKHUHZDVDGHFUHDVHLQVXUIDFHGRVHRI
DOPRVW  LQ DYHUDJH VR WKH VHFRQG FRUUHFWLRQ ZDV WR LQFUHDVH WKH 08ILHOG E\ 
D?D?D?D?D?D?D?D?D?D?D?Ǥሻ6RILQDOO\ 
 D?D?D?D?D?D?D?D?D?D?D?ൌ D? ?  ? ?כ D?D?D?D?D?D?D?D?D?D?D?כ D? D?D?D?D?D?D?D?D?Ǥሺ D?D?D?D?D?D?D?ሻ 
(TXDWLRQ 
 
 
 
 
 
 
8SSHU+%,H08FDOFXODWLRQ 
6LQFHWKHFDOLEUDWLRQSRLQWLVRQWUHDWPHQWSODQHDORQJ&$;WKHRQO\FRUUHFWLRQQHHGHGZDVWR
GHFUHDVH08E\DFRUUHFWLRQIDFWRURID?D㜇?D?D?D?D?D?D?D?D?ሻ LQRUGHU WREDODQFH WKHVXUIDFHGRVHLQFUHDVHGXHWRJDQWU\DQJOHRIGHJUHHV 
 D?D?D㜇?D?D?D?D?D?D?D?ൌ ?D? ? ? ?כ D?D㜇?D?D?D?D?D?D?D?D?ሺ D?D?D?D?D?D?D?ሻ 
(TXDWLRQ 
 
 
7KH DYHUDJH GLIIHUHQFH LQ WKH PHDVXUHG GRVH IRU WKH  7/' FDOLEUDWLRQ PHWKRGV RQH LQ
UHIHUHQFHFRQGLWLRQVDW66' FPDQGRQHIRU WKHH[WHQGHG66' FPRI+%,H ZDV
DSSUR[LPDWHO\  IRU D UDQJH RI GRVHV IURP  *\ WR  *\ ODUJHU GRVH YDOXHV ZHUH
REVHUYHGIRUWKHFDOLEUDWLRQLQUHIHUHQFHFRQGLWLRQV7KHH[WHQGHG66'FDOLEUDWLRQZDVFKRVHQ
GXHWRWKHDFFXUDWHUHSURGXFWLRQRIWKHFRQGLWLRQVZKLOHLQ+%,HVHWXS 
5HVXOWVRI7/'GRVLPHWU\RQWKHDQWKURSRPRUSKLFSKDQWRPIRU8SSHUDQG7KRUDFLF+%,H
DUHSUHVHQWHGLQ)LJXUH7KHGRVHSHUIUDFWLRQZDVVHWWR*\DWWKHVXUIDFHDQGWKHPRQLWRU
XQLWVXVHGZHUHFDOFXODWHGIURPHTXDWLRQ7KHPHDVXUHGDYHUDJHGRVHZDV*\ZLWKD
&9RI'RVHPHDVXUHPHQWVIURPWKHEDFNVLGHRIWKHSKDQWRPZHUHLQFOXGHG5HVXOWVRI
WKHSHUIRUPHG7/'GRVLPHWU\RQWKHDQWKURSRPRUSKLFSKDQWRPIRU/RZHU+%,HDUHSUHVHQWHG
LQ)LJXUH7KHSUHVFULEHGGRVHSHUIUDFWLRQZDVVHWDW*\RQWKHVNLQDQGWKHPRQLWRUXQLWV
XVHGZHUHFDOFXODWHGIURPHTXDWLRQ)RU/RZHU+%,HWKHDYHUDJHGRVHZDV*\ZLWKD
&9RI ,Q WKLV FDOFXODWLRQ WKHGRVHVPHDVXUHGZLWK7/'VSODFHG RQ WKHEDFNRI WKH
SKDQWRPZHUHDOVRLQFOXGHG 
 
 
'LVFXVVLRQ 
 
'HSWKGRVHGLVWULEXWLRQ 
$VSUHVHQWHGLQWKHUHVXOWVVHFWLRQWKHDYHUDJHHQHUJ\RQWUHDWPHQWSODQHZDVDSSUR[LPDWHO\
0H9DQGWKHPRVWSUREDEOHHQHUJ\ZDV0H9'XHWRWKHSRVLWLRQLQJRIWKHSDWLHQWRU
SKDQWRPLQRUGHUWRJHQHUDWHDFRPELQHGGHSWKGRVHFXUYHIURPDOOEHDPVDSSOLHGWRWKH
SDWLHQWRUSKDQWRPWKHGHSWKGRVHGLVWULEXWLRQVRIHDFKEHDPILHOGVLQWRWDOZHUHDGGHG
IRU WKH VDPH GHSWK UHVXOWLQJ LQ D 3'' FXUYH DW HTXDO GHSWKV -XVW EHORZ VXUIDFH WKH GRVH
GHFUHDVHVDOPRVWOLQHDUO\DQGWKHUDQJHRIWKHFRPELQHGILHOGVZDVIRXQGVLPLODUWRSUDFWLFDO
UDQJHSURGXFHGE\DVLQJOHILHOGJFPLQZDWHU7KDWZDVH[SHFWHGVLQFHWKHILHOGDW
YHUWLFDOSKDQWRPLQFLGHQFHSDWLHQWSKDQWRPSRVLWLRQDWGHJUHHVZDVWKHRQHWRGHILQHWKH
SUDFWLFDOUDQJHRIWKHSURGXFHG3''E\WKHILHOGVUDWKHUWKDQWKHWZRDQJOHGLQFLGHQFHILHOGV
ODUJHULQFLGHQFHDQJOHFDXVHVPRUHVXSHUILFLDOGRVHGHSRVLWLRQ±VHHDOVR)LJXUHVDQGD
7KH5YDOXHLQZDWHUIRUWKHILHOGV5 FPLVLQOLQHZLWK$$30UHSRUWQR>@
UHFRPPHQGDWLRQV 
)RU8SSHUDQG/RZHU+%,HJDQWU\DQJOHVDVOLJKWFKDQJHLQVXUIDFHDEVROXWHGRVHRIDERXW
ZDVREVHUYHGLQFRPSDULVRQWRWKHYHUWLFDOLQFLGHQFHJDQWU\ GHJUHHVIRUWKHWRWDO
ILHOGV7KDWLQGLFDWHGWKDWJLYHQDVWDQGDUGHQHUJ\RQWUHDWPHQWSODQHWKHFKDQJHVRQWKHGHSWK
GLVWULEXWLRQZHUHPLQRUDQGWKXVQHJOLJLEOH,IDKLJKJUDGHRISUHFLVLRQLVQHHGHGRQWKLVPDWWHU
 
 
UHIHUWRUHVXOWVLWVKRXOGEHFRPPHQWHGWKDWWKHSHUFHQWDJHGHSWKGRVHLQ]UHIDQGLWVQHLJKERUV
5DQG5ZDVDVVXPHGWRVXIIHUDGURSIRUWKHRUGHJUHHVGLIIHUHQFHVLQJDQWU\
DQJOHLQFRPSDULVRQWRJDQWU\DQJOHGHJUHHVFDVHZKLOHWKHDEVROXWHGRVHDWWKHVHSRLQWV
UHPDLQHGSUDFWLFDOO\XQFKDQJHG 
,Q WKH SDVW IHZ \HDUV WKH GHYHORSPHQW RI QRYHO UDGLDWLRQ WHFKQLTXHV VXFK DV YROXPHWULF
PRGXODWHGDUF WKHUDS\KDYH OHG WR WKH LPSOHPHQWDWLRQRIQHZPHWKRGVIRU WUHDWLQJSDWLHQWV
ZLWKVNLQGLVHDVH7KHUHLVDOLPLWHGQXPEHURIVWXGLHVSXEOLVKHGLQWKHOLWHUDWXUHWKDWWHVWWKH
HIIHFWLYHQHVVRIVXFKPRGHUQWUHDWPHQWWHFKQLTXHVDQGPRUHRYHUWKH\DUHXVXDOO\DSSOLHGWR
OLPLWHGDUHDVRIRFFXUUHQFH >$W WKLVSRLQW WKHVH VWXGLHVSUHVHQWSDWLHQWVSHFLILF FDVHV DQG
FDQQRWEHFRQVLGHUHGDV\HWIRUWKHH[WUDFWLRQRIJHQHUDOL]HGFRQFOXVLRQV 
 
 
%UHPVVWUDKOXQJ&RQWDPLQDWLRQ 
%UHPVVWUDKOXQJFRQWDPLQDWLRQIRUWKHWRWDORIILHOGVLQ+%,HZDVFDOFXODWHGEDVHGXSRQWKH
3''VXPPDWLRQ WREH$VDQ H[DPSOH IRUDSUHVFULEHGVXUIDFHGRVHRI*\ WRWDO
SUHVFULSWLRQRQO\F*\ZLOOEHGHSRVLWHGDWGHSWKVODUJHUWKDQFPIURPWKHVXUIDFH$V
PHQWLRQHGLQWKHPHWKRGV%UHPVVWUDKOXQJLQWHQVLW\LVJUHDWHUQHDUWKH&$;RIWKHEHDP,Q
8SSHU+%,HWKHUHLVQRZD\WRGHFUHDVHWKHDIRUHPHQWLRQHGFRQWULEXWLRQRIEXWLQ/RZHU
+%,H XVLQJ WKHSRVLWLRQLQJ WRRO )LJXUHZKLFKHQVXUHV WKDWQRSDUWVRI WKHSDWLHQW DUH
ORFDWHGLQFHQWUDOKLJKGRVHDUHDDIXUWKHUUHGXFWLRQRIEUHPVVWUDKOXQJGRVHWRWKHSDWLHQWLV
SRVVLEOH%HIRUHHYHU\WUHDWPHQWVHVVLRQRI/RZHU+%,HWKHSRVLWLRQLQJWRROVKRXOGEHSODFHG
LQDSUHGHILQHGSRVLWLRQRQWKHIORRURIWKHWUHDWPHQWFKDPEHUWKHFLUFXODUIURQWVXUIDFHDOLJQHG
WRPDWFKZLWKWKHWUHDWPHQWSODQHDQGFHQWHUHGVRWKDWWKHYHUWLFDOEHDPWDUJHWLQJODVHUSHUIHFWO\
GLYLGHVWKHGLVFLQKDOI)ROORZLQJDOLJQPHQWWKHFLUFXODUVXUIDFHGHVLJQDWHVWKHFHQWUDOKLJK
GRVHDUHDRI)LJXUHDQGWKHGXDOFDOLEUDWLRQSRLQWVRQSDWLHQW¶VOHJVVHHPHWKRGVDQGUHVXOWV
VHFWLRQV7KHSDWLHQW¶VOHJVIRUHDFK6WDQIRUGSRVLWLRQVKRXOGMXVWDERXWWRXFKWKHERUGHUVRI
WKHGLVFDQGQRWRYHUODSZLWKLW7KDWZLOOHQVXUHWKDWWKHSDWLHQWLVFOHDUIURPKLJKGRVHDUHDV
ZKLOHPLQLPL]LQJ%UHPVVWUDKOXQJFRQWULEXWLRQ 
 
6XUIDFH'RVH+RPRJHQHLW\RQWUHDWPHQWSODQH 
,QERWK8SSHU DQG /RZHU+%,HVHH DOVR)LJXUH IRU WKHRI WDUJHW DUHDGLPHQVLRQV
SDWLHQWPD[LPXPGLPHQVLRQVHQGWRHQG[FPDKRUL]RQWDODQGYHUWLFDO&9RI
DQG UHVSHFWLYHO\ZHUHREVHUYHG LQ WKH VXUIDFHGRVHGLVWULEXWLRQ7KHVH UHVXOWVPHHW WKH
FULWHULDVHWE\WKHJXLGHOLQHVIRU76(%>@ 
 
6XUIDFH'RVH+RPRJHQHLW\RQ$QWKURSRPRUSKLF3KDQWRP 
$OO7/'VZHUHFDOLEUDWHGDW66' FPUHIHUHQFHFRQGLWLRQVVHWXSZLWKQRWDSHLQIURQWRI
WKH 7/'V DQG SURGXFHG   LQFUHDVHG VXUIDFH GRVH UHDGLQJV LQ FRPSDULVRQ WR 7/'V
FDOLEUDWHGDW66' FP+%,HVHWXSZLWKWDSHEHIRUH7/'VVLPXODWLQJWKHPRXQWLQJRQWKH
SDWLHQW7RXQGHUVWDQGWKHFDXVHRIWKDWGLIIHUHQFHRQHVKRXOGUHFDOO)LJXUH7/'VFDOLEUDWHG
LQ+%,HVHWXSSURGXFHGRXWSXWVLJQDOVSRLQWLQJWRDGRVHKLJKHUWKDQWKHHQWU\GRVHGXHWRWKH
GRVHEXLOGXSFDXVHGE\WKHWDSHDQGWKHSDSHUFRYHULQJWKH7/'ZKLFKZDVXVHGWRKROGWKH
7/'VLQWKHUHFHVVHVLQWKHSKDQWRPSODWH1HYHUWKHOHVVWKHRXWSXWVLJQDOVZHUHVHWHTXDOWR
WKHVXUIDFHGRVHIURPWKH300$GRVLPHWU\GXULQJZKLFKWKHUHZDVQRWDSHRUSDSHURQWKH
VXUIDFHRIWKHSKDQWRP7KHGLIIHUHQWHQHUJLHVRIWKHFDOLEUDWLRQVHWXSVKDGQHJOLJLEOHLPSDFW
RQ7/'VSHUIRUPDQFH7KH7/'FDOLEUDWLRQLQ+%,HVHWXSZDVVHOHFWHGWRSUHVHQWWKHVXUIDFH
GRVHUHVXOWVRQWKHDQWKURSRPRUSKLFSKDQWRPVLQFHLWUHIOHFWVPRUHDGHTXDWHO\WKHFRQGLWLRQV
GXULQJWKHSDWLHQW¶VLUUDGLDWLRQ7KHQXPEHURIWKH7/'VXVHGLQ8SSHUDQG/RZHU+%,HGRVH
YHULILFDWLRQZHUHDQGUHVSHFWLYHO\DOPRVWWZLFHWKHDYHUDJHQXPEHURI7/'VXVHGIRU
LQYLYRGRVLPHWU\GXULQJ76(%VHVVLRQV>@7KHDYHUDJHGRVHVRQXSSHURUORZHUERG\ZHUH
 
 
DOPRVW LGHQWLFDO ZLWK WKH SUHVFULEHG GRVH IRU ERWK WHFKQLTXHV 8SSHU DQG /RZHU +%,H ±
\LHOGLQJ D  GLIIHUHQFH ,Q DGGLWLRQ WKH KRPRJHQHLW\ LQGH[ &9 RI WKH 8SSHU +%,H
WUHDWPHQWGRVHGLVWULEXWLRQZDVIRUWKHWRWDOVLQJOHILHOGV)RU76(%VHVVLRQVRIWKHVLPLODU
VHWXSDQGLQYLYRGRVLPHWU\GXDOILHOGVZLWKVFDWWHUWKH7/'PHDVXUHPHQWVKRPRJHQHLW\
ZDVIRUFDVHV>@/RZHU+%,HSURGXFHVDJUHDWHU&9DQGWKDWLVPDLQO\GXHWR
WKHOLPLWHGDUHDRQZKLFKUHDGLQJVZHUHWDNHQGXHWRSKDQWRPVL]HOLPLWDWLRQV 
 
3DWLHQW6KLHOGLQJ 
&HUWDLQDUHDVRIWKHERG\PXVWEHSURWHFWHGGXULQJ+%,HWUHDWPHQWVGHSHQGLQJRQWKHW\SHRI
+%,HWHFKQLTXH)RULQVWDQFHLQ/RZHU+%,HWKHXQLYHUVDOVKLHOGLQJPDGHRI3EZLWKPP
WKLFNQHVVIRUOHVVWKDQWUDQVPLVVLRQFDQHIIHFWLYHO\SURWHFWWKHUHOHYDQWRUJDQVDWULVNVXFK
DVWKHH\HVWKHOLSVWKHKDQGQDLOVWKHWK\URLGJODQGHWFZKLOHDGGLWLRQDOVKLHOGLQJIRUWKH
JHQLWDOLDDQGWKHWRHV¶QDLOVLVQHHGHG7/'GRVLPHWU\PXVWEHSHUIRUPHGGXULQJWKHILUVWWZR
RU WKUHH IUDFWLRQV DQG WKHQ SHULRGLFDOO\ LQ +%,H IRU WKH RUJDQV DW ULVN SURWHFWHG E\ WKH
XQLYHUVDOVKLHOGLQJDQGFXVWRPVKLHOGLQJLQRUGHUWRGRVLPHWULFDOO\FRQILUPWKHHIIHFWLYHQHVV
RISURWHFWLRQLQWHUPVRIGRVHGLVWULEXWLRQ$GGLWLRQDOFXVWRPVKLHOGLQJPXVWEHLPSOHPHQWHG
E\ FDVH )RU VXFK FDVHV LI H[WUD VKLHOGLQJ LV QHHGHG PP RI 3E VKRXOG SURYLGH DGHTXDWH
VKLHOGLQJ 
 
 
%RRVW)LHOGV 
,IFOLQLFDOO\LQGLFDWHGORZGRVHUHJLRQVDQGVROHVLQFDVHRI/RZHU+%,HVKRXOGEHLUUDGLDWHG
E\IROORZXSERRVWILHOGVLQRUGHUWRLPSURYHGRVHKRPRJHQHLW\ 
 
 
 
 
&RQFOXVLRQV 
 
7KH +%,H WHFKQLTXHV SUHVHQWHG LQ WKLV ZRUN KDYH PDQDJHG WR VXFFHVVIXOO\ GHSRVLW WKH
SUHVFULEHGGRVHLQWKHSRUWLRQRIWKHVNLQZKLFKQHHGHGWUHDWPHQWZKLOVWUHGXFLQJWKHGRVHWR
WKHXQDIIHFWHGVNLQDUHDVVLJQLILFDQWO\0RUHRYHUGXHWRWKHUHODWLYHO\ORZFRVWRIWKHPDWHULDOV
XVHG WKH SURSRVHG WHFKQLTXH FDQ EH HDVLO\ DQG VWUDLJKWIRUZDUGO\ LPSOHPHQWHG LQ FOLQLFV
HTXLSSHGZLWKPHGLFDODFFHOHUDWRUVFDSDEOHRISURGXFLQJ0H9HOHFWURQEHDPVDQGDGHTXDWH
VSDFHIRUH[WHQGHG6''VHWXS$OOWKUHH+%,HYDULDQWV8SSHU/RZHUDQG7KRUDFLFSUHVHQWHG
LQWKLVVWXG\DLPWRHQDEOHSUDFWLWLRQHUVWRGHOLYHUPRUHRSWLPL]HGWUHDWPHQWIRUHDFKFOLQLFDO
FDVH 
,WZRXOGEHRIPXFKLQWHUHVWWRLQYHVWLJDWHLIWRWDOVNLQWKHUDS\FDQWDNHDGYDQWDJHRIWKHQHZ
UDGLDWLRQ WKHUDS\ WHFKQLTXHVVXFKDV90$7LQ WHUPVRI WLPHHIILFLHQF\GRVHDFFXUDF\DQG
FRPIRUWSDWLHQWSRVLWLRQLQJ 
  
 
 
'LVFORVXUHRI&RQIOLFW 
7KHDXWKRUVKDYHQRUHOHYDQWFRQIOLFWVRILQWHUHVWWRGLVFORVH 
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